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CONTAINMENT OF A NUCLEAR POWER PLANT 

5 Background of the Invention : 
Field of the Invention : 
The invention lies in the nuclear technology field and 
pertains, more specifically, to a containment vessel in a 
nuclear power installation. 

10 

My commonly assigned earlier German patent DE 198 09 000 CI 
(corresponding to my copending application 09/655,091) 
described an innovative structural and safety concept for a 
boiling water reactor. In the boiling water reactor disclosed 

15 in that document, the reactor pressure vessel is disposed 
centrally in a containment. In addition to the reactor 
pressure vessel, a closed condensation chamber and a flood 
basin arranged above it are provided for emergency cooling of 
the boiling water reactor. The flood basin is open toward a 

20 central region, in which the reactor pressure vessel is 
arranged, and forms a pressure chamber together with the 
latter. A so-called building condenser is arranged above the 
flood basin, i.e. in the upper region of the pressure chamber 
or containment. The building condenser is in communication 

25 with a cooling liquid from a cooling basin arranged above the 
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containment and is used to dissipate the heat from the 
pressure chamber . 

The efficiency of the building condenser reacts sensitively to 
5 the presence of non- condensable gases, such as nitrogen or 

hydrogen. The latter may be formed in particular in the event 
of extreme emergencies. This is because the non- condensable 
gases reduce the ability of the building condenser to 
dissipate heat from any steam which may be present in the 

10 pressure chamber into the cooling basin. On account of its low 
relative density, hydrogen accumulates in the upper region of 
the pressure chamber, so that a high concentration of non- 
condensable gases may be present in particular in the vicinity 
of the building condenser, leading to an increase in pressure 

15 in the containment. 

To dissipate the heat from the pressure chamber in the event 
of an emergency, i.e. to dissipate non-condensable gases from 
the pressure chamber, there are known concepts in which the 

2 0 pressure chamber is connected to a condensation chamber via 

condensation tubes. The steam which is present in the pressure 
chamber in the event of an emergency, together with the non- 
condensable gases, passes via these condensation tubes into 
the condensation chamber. Since the condensation tubes are 

25 generally immersed in the cooling liquid in the condensation 
chamber to a depth of several meters, the steam condenses and 
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only the entrained fractions of the non- condensable gases 
remain in the condensation chamber. 

A system of that type is known, for example, from my earlier 
5 German patent DE 198 09 000 CI. The containment described in 
that document has a condensation chamber, a pressure chamber 
and a building condenser arranged in the upper region of the 
pressure chamber, with a diverter tube also being provided, 
flow-connecting the upper region of the pressure chamber to 
10 the condensation chamber in order to divert the non- 
condensable gases out of the upper region of the pressure 
chamber into the condensation chamber in a targeted and direct 
manner, 

15 Conventional condensation tubes substantially comprise a 

vertically running tube, the upper end of which is connected 
to the pressure chamber and the lower end of which is immersed 
in a cooling liquid in the condensation chamber. The 
condensation tubes generally have a diameter of approximately 

20 400 to 600 mm and at their lower end are cut off substantially 
perpendicular to the tube axis. With this conventional design, 
in particular in the event of large leak cross sections, high 
loads are imposed on the base and the side walls of the 
condensation chamber as a result of water being thrown up 

25 during the initial overflow of air or nitrogen and as a result 
of the phenomenon known as chugging toward the end of the 
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overflow phase. During chugging, the pressure amplitudes may 
amount to several bar, and consequently the pressure loads 
caused by chugging may be the determining factor in the 
building structure of the containment. 

5 

Summary of the Invention : 

It is accordingly an object of the invention to provide a 
containment of a nuclear power plant which overcomes the 
above-mentioned disadvantages of the heretofore -known devices 
10 and methods of this general type and which is further 

developed such that the pressure loads on the base and the 
walls of the condensation chamber in the event of an emergency 
are reduced to a considerable degree. 

15 With the foregoing and other objects in view there is 

provided, in accordance with the invention, a containment of a 
nuclear power plant, comprising: 

a containment structure having formed therein a pressure 
chamber and a condensation chamber with a base; 

20 a substantially vertical condensation tube having an upper end 
communicating with the pressure chamber and a lower end 
immersed in a cooling liquid in the condensation chamber; 

the lower end of the condensation tube being formed with an 
elbow and an outlet nozzle; 
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the elbow having an elbow angle causing a lower end of the 
elbow to be immersed obliquely in the cooling liquid in the 
condensation chamber; and 

the outlet nozzle having an outlet opening substantially 
5 shielded with respect to the base of the condensation chamber. 

In other words, the lower end of the vertically running 
condensation tube has an elbow and an outlet nozzle, the elbow 
having an elbow angle which is such that the lower end of the 
10 elbow is immersed obliquely in the cooling liquid in the 

condensation chamber, and the outlet nozzle having an outlet 
opening which is substantially shielded with respect to the 
base of the condensation chamber. 

15 In this context, the invention is based on the consideration 
that while water is being thrown up during the initial 
overflow of air or nitrogen, considerably lower pressure loads 
on the base and walls of the condensation chamber are likely, 
since the air which emerges, on account of the substantially 

2 0 horizontal flow out of the outlet nozzle which is designed in 
accordance with the invention, is distributed over a 
significantly larger area. In the event of chugging, i.e. in 
the event of only low mass flows of steam flowing out and 
steam bubbles being formed in the condensation chamber, the 

25 dynamic pressure loads on the condensation chamber walls are 
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considerably lower, since the outflow area from the outlet 
nozzle is predominantly closed off by the cooling liquid, 
whereas in the standard embodiment the entire cross section of 
the tube has always been uncovered. Tests carried out by the 
5 inventors have confirmed that the pressure loads on the base 
and walls of the condensation chamber are significantly 
reduced compared to conventional designs of the condensation 
tubes . 

10 In accordance with one preferred embodiment of the invention, 
the outlet nozzle is formed by a tube section, of which the 
side that faces the base of the condensation chamber is longer 
than the side that is remote from the base of the condensation 
chamber, so that the local mixing zone of steam and water, in 

15 which the highest pressure transients are formed as a result 

of the bubble collapsing during chugging, is shielded from the 
base of the condensation chamber. Moreover, the elbow angle of 
the elbow of the condensation tube is preferably between 
approximately 70° and approximately 85°, preferably 

20 approximately 82° , so that the lower end of the elbow is 

immersed in the cooling liquid in the condensation chamber in 
such a manner that it is inclined obliquely downward. 

In accordance with a further configuration of the invention, a 
25 significant part of the condensation tube is embedded in the 
wall of the condensation chamber. The condensation chamber 
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wall can in this way absorb all the forces which occur in the 
condensation tube and ensure additional protection in the 
event of possible breaking of a condensation tube. Moreover, 
this avoids the in some cases highly complex holding 
5 structures for the condensation tubes, which are customarily 
arranged freely in the condensation chamber. 

The advantages which are achieved by the invention consist in 
particular in the fact that a completely new outlet geometry 

10 of the condensation tube is provided, leading to significantly 
more favorable properties with regard to the pressure loads 
which occur on the base and walls of the condensation chamber. 
The fact that the condensation tube with the specially 
designed outlet nozzle is immersed obliquely in the cooling 

15 liquid in the condensation chamber gives rise to a 

substantially horizontal outflow over a significantly larger 
area, and the outflow area is substantially closed off by the 
cooling liquid. In this way, in the event of an emergency in 
the boiling water reactor, significantly lower pressure loads 

2 0 on the walls and the base of the condensation chamber are 

present both during the initial phase when water is thrown up 
and during the chugging phase. 

Other features which are considered as characteristic for the 
25 invention are set forth in the appended claims. 
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Although the invention is illustrated and described herein as 
embodied in a containment of a nuclear power plant, it is 
nevertheless not intended to be limited to the details shown, 
since various modifications and structural changes may be made 
5 therein without departing from the spirit of the invention and 
within the scope and range of equivalents of the claims. 

The construction and method of operation of the invention, 
however, together with additional objects and advantages 
10 thereof will be best understood from the following description 
of specific embodiments when read in connection with the 
accompanying drawings . 

Brief Description of the Drawings : 
15 Fig. 1 is a highly simplified, diagrammatic cross section 

through a containment of a boiling water reactor in accordance 
with the present invention; 

Fig. 2 is an enlarged detail view of the condensation chamber 
20 and the condensation tube of the containment shown in Fig. 1 
in accordance with the invention; 

Fig. 3A is a graph illustrating measurement results relating 
to a pressure load on the base of the condensation chamber in 
2 5 the event of an emergency for a condensation tube in 
accordance with the invention; and 
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Fig. 3B is a graph illustrating the pressure load on the base 
of the condensation chamber in the event of an emergency for a 
conventional condensation tube. 

5 

Description of the Preferred Embodiments : 

Referring now to the figures of the drawing in detail and 
first, particularly, to Figs. 1 and 2 thereof, there is shown 
the structure of a containment in accordance with a preferred 
10 exemplary embodiment of the invention. The pressure load on 

the base of the condensation chamber when using a condensation 
tube in accordance with the invention will be compared with 
the pressure load when using a conventional condensation tube 
on the basis of Figs. 3A and 3B. 

15 

In accordance with Fig. 1, a reactor pressure vessel 12 is 
disposed centrally in a closed containment 10. A condensation 
chamber 14 and a flood basin 16 arranged above it are provided 
in the containment 10, laterally next to the reactor pressure 
20 vessel 12. The flood basin 16 is open at the top toward the 

interior of the containment 10. The interior is also referred 
to as the pressure chamber 18, which forms a common pressure 
space with the flood basin 16. 



25 The condensation chamber 14 and the flood basin 16 are each 
partly filled with a cooling liquid 20, in particular water, 

-9- 



TER-02P0020 

to a filling level 22. The maximum filling level 22 in the 
flood basin 16 is determined by the upper end of an overflow 
pipe 24. The overflow pipe 24 connects the flood basin 16 to 
the condensation chamber 14 and opens out into the cooling 
5 liquid 20 of the condensation chamber 14, so that in the event 
of the maximum filling level 22 being exceeded the cooling 
liquid 20 flows out of the flood basin 16 into the 
condensation chamber 14. The flood basin 16 is also connected, 
via a flood line 26, to the reactor pressure vessel 12. In the 
10 event of an emergency, the flood basin 16 can supply the 
pressure vessel 12 with sufficient cooling liquid 20. 

The condensation chamber 14 is substantially closed off from 
the pressure chamber 18. It is only in communication with the 

15 pressure chamber 18 via one or more condensation tubes 28. The 
condensation tube 28 is immersed in the cooling liquid 20 in 
the condensation chamber 14, so that there is no exchange of 
gases between the condensation chamber 14 and the pressure 
chamber 18. The condensation tube 28 is normally closed off by 

20 a water column 30 in the condensation tube 28; only in the 

event of an emergency, when the pressure rises in the pressure 
chamber 18, does steam flow into the condensation chamber 14 
via the condensation tube 2 8 in order to be condensed. The 
precise structure and functioning of the condensation tube 2 8 

25 are explained in more detail below with reference to Fig. 2. 
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In the left-hand half of Fig. 1, a building condenser 32 is 
arranged in the upper region of the containment 10 and 
therefore in the upper region of the pressure chamber 18. The 
building condenser 32 is designed as a heat exchanger with 
5 heat exchanger tubes and is flow-connected to a cooling basin 
34, which is arranged outside the containment 10 on top of its 
cover 36. The building condenser 32 takes up the heat from its 
surroundings inside the containment 10 and transmits it to the 
cooling basin 34, with the result that heat can be dissipated 
10 from the containment 10 into the external surroundings. 

In the event of an emergency, for example in the event of a 
steam line in the containment 10 breaking, with the associated 
escape of steam, or in the event of a loss of coolant, the 

15 temperature and pressure in the containment 10 rise. Various 
emergency cooling devices, of which only the building 
condenser 32 and the flood basin 16 with associated flood line 
26 are shown in Fig. 1, it is ensured that the emergency final 
pressure in the containment 10 does not exceed a permissible 

2 0 threshold. This is achieved primarily by cooling and 

condensing the steam. In this context, an important role is 
played by the building condenser 32, by means of which heat 
can be dissipated from the containment 10 to the outside. 



25 During an emergency, under certain circumstances non- 
condensable gases, such as for example hydrogen or inert gases 
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such as air or nitrogen, will be released and accumulate in 
the upper region of the containment 10, i.e. in the upper 
region of the pressure chamber 18. The. non- condensable gases 
collect in the upper region of the pressure chamber and lead 
5 to an increase in the pressure in the containment 10. When a 
certain pressure is reached in the pressure chamber 18, the 
steam together with the non- condensable gases, through the 
condensation tube 28, can overcome the pressure of the water 
column 30 in the condensation tube 28 and flow into the 
10 condensation chamber 24. The entrained steam is cooled and 
condensed in the condensation chamber 14, while the non- 
condensable gases remain in the condensation chamber 14. 

In principle, the non- condensable gases impair the efficiency 
15 of the building condenser 32 by significantly reducing the 

heat transfer capacity of the building condenser 32. When non- 
condensable gases are present, the building condenser 32 can 
only dissipate significantly less heat per unit time and area 
from the steam to the cooling basin 34 than when the non- 
20 condensable gases are absent. Since these non-condensable 
gases are diverted out of the vicinity of the building 
condenser 3 2 by the condensation tube 28, the building 
condenser 32 can be designed for saturated steam. Therefore, 
it does not need large and specially designed heat transfer 
25 surfaces, which if non- condensable gases were present would be 
absolutely imperative in order to enable sufficient heat to be 
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dissipated. Therefore, the building condenser 32 can be of 
simpler, more compact and therefore more advantageous design. 



The structure and functioning of the condensation tube 2 8 
5 which leads into the condensation chamber 14 in accordance 
with the present invention will now be described in more 
detail on the basis of the diagrammatic illustration present 
in Fig . 2 . 

10 In the event of an emergency, with the associated increased 
pressure in the pressure chamber 18, steam flows out of the 
pressure chamber 18, together with the non-condensable gases, 
through the condensation tube 2 8 and into the condensation 
chamber 14. As illustrated in the graph presented in Fig. 3B, 

15 in the process, in the case of a conventional condensation 
tube, i.e. a substantially vertically running condensation 
tube with a lower end which is cut off perpendicular to the 
tube axis, pressures of up to 2 bar on the base and walls of 
the condensation chamber 14 occur when the water is thrown up 

20 during the initial overflow of air, and pressures of up to 10 
bar on the base and walls of the condensation chamber 14 occur 
during the phenomenon known as chugging, i.e. the formation of 
steam bubbles in the condensation chamber 14 toward the end of 
the overflow phase. To reduce these high pressure loads on the 

25 walls and base of the condensation chamber 14, the 
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condensation chamber 2 8 of the containment 10 according to the 
invention is constructed as follows. 



The condensation tube 28 has a substantially vertically 
5 running main section 28a, at the upper end of which there is 
provided an inlet opening 28b inside the pressure chamber 18. 
The lower end of the vertical section 28a of the condensation 
tube 28 is adjoined by an elbow 28c. The elbow 28c is 
substantially a curved tube section with an elbow angle 28e of 

10 preferably between approximately 70° and 85°, particularly 
preferably of approximately 82°. The condensation tube 28 
projects, by means of this elbow 28c, into the cooling liquid, 
below the filling level of the cooling liquid 20 in the 
condensation chamber 14, with a slight downward inclination. 

15 An outlet nozzle 28d is provided at the lower end of the elbow 
28c. In the exemplary embodiment shown, the outlet nozzle 28d 
is made from a straight piece of tube, the length of which on 
the side facing the base of the condensation chamber 14 is 
considerably longer than on the side remote from the base. 

20 

This particular design of the condensation tube 28 with the 
elbow 28c and the special outlet nozzle 28d means that in the 
event of an emergency the pressure loads on the base and walls 
of the condensation chamber 14 are likely to be significantly 
25 lower both during the initial throwing-up of water and during 
the subsequent chugging. This is also confirmed by tests, the 
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results of which are illustrated in the graph presented in 
Fig. 3A. The pressure loads which occur are in a range below 
approximately 1 bar throughout the entire time, i.e. are 
significantly lower than the pressure loads of initially at 
5 most 2 bar and up to 10 bar toward the end in the case of the 
conventional condensation tube (cf. Fig. 3B) . 

Unlike conventional containments 10 , the condensation tube 28 
is also not held in the condensation chamber by means of 

10 suitable holding structures. Instead, a significant part of 

the condensation tube 28, in particular the vertically running 
main section 2 8a and a large part of the elbow 2 8c, is 
embedded in the concrete wall of the condensation chamber. As 
a result, the wall 38 of the condensation chamber 14 absorbs 

15 all the forces which occur in the condensation tube and offers 
additional protection against the possibility of a 
condensation tube 2 8 fracturing. 

Overall, the invention provides a containment 10 of a nuclear 
2 0 power plant which has a condensation tube which significantly 
reduces the pressure loads on the base and walls of the 
condensation chamber compared to a conventional condensation 
tube. This increases the safety of the containment and reduces 
the demands imposed on the building structure of the 
25 containment . 
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Although the present invention has been described above on the 
basis of a preferred exemplary embodiment, it will be 
understood by those of skill in the pertinent art that various 
modifications to this embodiment can be performed while still 
5 remaining within the scope of protection of the present 

invention as defined by the appended claims. In particular, 
the design of the outlet nozzle is not limited to the form of 
a straight section of tube with long sides of different 
lengths described above. The only crucial factor in designing 

10 the outlet, nozzle is the outlet effect of the media flowing 
through the condensation tubes which is brought about by the 
outlet nozzle. Furthermore, the condensation tubes comprising 
the vertical main section, the elbow and the outlet nozzle may 
be in both single-part form and composed of a plurality of 

15 separately manufactured components which are subsequently 
tightly connected to one another. 
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